Palmelloids induced in the unicellular green alga Chiamydomonas eugametos by chloroplatinic acid treatment have been studied electron microscopically. Thin-sectioned specimens revealed the multilayer nature of the cell walls after second division within the palmelloid. Although synchrony in cell division is lost, to a certain degree, within the palmelloid, the cells themselves appeared normal, and the presence of normal flagellar structure was confirmed. The presence of the eyespot was observed at the optical level as well as in the freeze-etched specimens. The above results support the hypothesis that the palmelloid condition of Chlamydomonas eugametos induced by chloroplatinic acid is due to an abnormality in cell wall formation rather than flagellar malfunction or loss.
Palmelloids have been described previously in a variety of Chlamydomonadineae under certain, not clearly established culture conditions. They are generally presumed to result from a failure of daughter cells to produce flagella and progressive gelatinization of the membranes during successive generations, thus preventing the liberation of dividing cells (2) . Recent reports (5, 6) have shown that palmelloid formation can be induced in Chlamydomonas reinhardtii by calcium deficiency and by the presence of certain organic acids in the culture medium. Likewise, Nakamura et al. (10) have induced palmelloids in Chlamydomonas eugametos Moewus by the addition of chloroplantinic acid to the culture medium. Sincer certain group VIIIB transition metal compounds cause incomplete cytokinesis in Escherichia coli (14) and certain platinum compounds are also reported to be potent antitumor agents (15) , the examination of the palmelloids of C. eugametos induced by this agent may be of particular interest from the aspects of control of cell division and of morphogenesis in a photosynthetic eucaryotic organism.
In this paper chloroplatinic acid-induced palmelloids of C. eugametos are examined at the ultrastructural level to determine whether the inability of palmelloid cells to separate is due to (i) loss or impairment of flagellar function, (ii) abnormal production of cell wall or related material, or (iii) a combination of both.
MATERIALS AND METHODS
Algal strain and growth conditions. Pre-experimental cultures of a wild-type stock of Chlamydomonas eugametos strain 10 (17) (obtained from the Culture Collection of Algae at Indiana University) were grown in liquid minimal medium (4). The testing medium was made by adding 0.05 mM chloroplatinic acid (H,PtCl.6H2O) to the minimal medium, adjusting it to a pH of 6.8, and sterilizing it by membrane filtration (Millipore Corp.) (10) . Cells from the late logarithmic phase of growing cultures were inoculated and grown in 10 ml of the testing medium in test tubes (25 by 150 mM) at 25 C under fluorescent lights (ca. 450 lux) with aeration by bubbling (5 cm$/min at 25 C, 1 atm). After incubation periods of 96 and 144 h, the cells were harvested by centrifugation. To prevent possible recovery from the chloroplatinic acid effect after removal of the compound from the medium (10), further washing of the cells was not performed.
Electron microscopy. Centrifuged cells were preembedded in 2% agar (Difco) dissolved in phosphate buffer (0.066 M, pH 6.8). Immediately after solidifying, the agar slabs were cut into small cubes and one-half of these were fixed 15 min in phosphate-buffered 1% potassium permanganate ( Fig. 1, 2) , whereas the rest were fixed 2 h in phosphate-buffered 4% glutaraldehyde followed by 20-min post-fixation in buffered 1% osmium tetroxide (Fig. 3 to 7) . Glutaraldehyde-osmium-fixed material was block stained for 1 h in a saturated aqueous uranyl acetate solution. Dehydration in ethanol was followed by embedding in Spurr's medium (16) . Sections were cut on a Reichert OM-U2 ultramicrotome, using a diamond knife, and then stained in lead citrate (12) . Preparation for the freeze-etching study was made as previously de- scribed (1, 7, 8) . All specimens were examined in an AEI 6B electron microscope operating at 60 kV. fix normal cells in osmium tetroxide were usually unsatisfactory. Palmelloid cells, on the other hand, fixed reasonably well, possibly suggesting a permeability difference between the two. Figure 2 shows a palmelloid which has been incubated for 144 h prior to permanganate fixation, showing the multilayered nature of the cell walls. The walls produced by the various divisions are indicated on the figure. Encased immediately within the particle-covered outer palmelloid envelope are three primary groups of cells, each surrounded by a nonparticle-covered layer. These primary layers (W2 in Fig. 2 ) are remnants of cell walls of three of the four cells resulting from second division of the original mother cell (the fourth primary group is not visible due to the plane of section) and are analogous to the four daughter cell walls produced in normal asexual cell division. The gradual loss of synchrony of cell division within the palmelloid is evident in Fig. 2 . Wall layers in permanganate-fixed palmelloids (Fig. 2) have sharp outer boundaries, whereas osmiumfixed palmelloid wall layers appear bilaminar (Fig. 3) . (Fig. 4) . In longitudinal sections the flagella show normal structures of the microtubules, distal connecting fiber, basal body, and transitional region (Fig. 5) . Transverse sections show the typical 9 + 2 microtubule arrangement of the distal portion of the normal flagellum (Fig. 6) as well as the normal transitional zone closer to the flagellar base (Fig. 7) , as reported by Ringo (13) in C. reinhardtii. DISCUSSION Evidence presented in this study at the ultrastructural level suggests that the palmelloid condition of C. eugametos induced by the presence of chloroplatinic acid is due to an abnormality in cell wall formation rather than flagellar malfunction or loss.
In the normal asexual life cycle of C. eugametos, the liberation of four motile daughter cells occurs after the second division within the mother cell envelope, and cell walls are not produced until after the second cytokinesis has taken place (18) . Cells immediately within the palmelloid envelope indicates that at least the first cycle proceeds normally. From this point onward, there are two possible developmental sequences. Either a repetition of normal division may take place, with one wall layer being formed after every second division, or else a continuous division could occur with a new wall layer being added after every cytokinesis. A palmelloid at the five-layer stage could contain up to 256 cells under a cycle repeat type of development, whereas with continuous wall formation after each cytokinesis only 32 cells at most would result (due to asynchronous division the numbers would probably be less than this). A preliminary examination of serial sections of portions of four-layered palmelloids suggests that the number of cells present with respect to the number of layers is more consistent with the cycle repeat development scheme. Before any definite conclusions can be drawn, it will be necessary to examine serial sections through an entire palmelloid.
A further complication with respect to palmelloid development results from the fact that palmelloids with more than five layers have not been observed, even (11, 19) , whereas different mutants of the same species which exhibited abnormal swimming patterns were found to have normal 9 + 2 microtubule arrangements (19) . In the present circumstance it appears that after dissociation of the palmelloid the cells are again capable of normal motion (10) . Quite possibly, flagellar activity in the palmelloid could be physically inhibited through encasement by surrounding layers or, altematively, some sort of physiological inhibition may be occurring.
According to prevalent evolutionary theory, the motile unicellular species of Chlorophyceae may have given rise to more complex forms of algae as well as to higher plants. Fritsch (2) has stated that it is only a slight step from the palmelloid stages to the algae grouped as Tetrasporineae, in which motility is confined to the reproductive phases and the motile cells of colonies are imprisoned within the gelatinous sheath. Thus, it may be that the structure of palmelloids revealed in the present study will be interesting from an evolutionary standpoint.
